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(57) ABSTRACT

A structure for front side frames of automobile is provided in
which since, among first and second bent parts to the rear of
a power unit mounting part of the front side frame formed
from a tubular hollow member having a constant cross-sec-
tion, a first weak part is provided in the vicinity of the rear-
side second bent part, and a second weak part is provided in
the vicinity of a third bent part, which is bent convexly out-
ward in the vehicle width direction in the power unit mount-
ing part, when an automobile is involved in a frontal collision,
it becomes possible for the front side frame formed from the
tubular hollow member and having high strength to bend via
the first weak part and also via the second weak part, thereby
enabling the impact absorption stroke to be increased and the
effect in absorbing collision energy to be enhanced.

7 Claims, 17 Drawing Sheets
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1
STRUCTURE FOR FRONT SIDE FRAMES OF
AUTOMOBILE

TECHNICAL FIELD

The present invention relates to a structure for front side
frames of an automobile in which a front side frame disposed
in a fore-and-aft direction in a front part of a vehicle body is
formed from a tubular hollow member having a constant
cross-section, and the front side frame includes a front-side
first bent part and a rear-side second bent part at the rear of a
power unit mounting part having a power unit mounted
thereon.

BACKGROUND ART

A hot-working device for a steel tube that includes a steel
tube feed-out device that feeds out a steel tube in its longitu-
dinal direction, a bending support point member that guid-
ingly supports the fed out steel tube, a high-frequency heating
coil that continuously heats the steel tube, a bending device
that bends the steel tube by gripping it and imparting a bend-
ing moment to the heated portion, and a cooling device that
carries out a hardening treatment by quenching the bent steel
tube is known from Patent Document 1 below. In accordance
with this invention, since bending of a steel tube and a hard-
ening treatment can be carried out at the same time, it is
possible to obtain a high strength front side frame that has
been bent into a predetermined shape.

Patent Document 1: International Application Laid-open No.

WO02008/123506

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

With regard to front side frames of an automobile, a front
half supporting a power unit formed from an engine and a
transmission is formed into a substantially linear shape and a
rear half connected to the rear of the front half is formed into
an S-shape in which bending is downward and inward in the
vehicle width direction in order to avoid interference with left
and right front wheels.

Therefore, when the load of a frontal collision of the auto-
mobile is inputted into the front end of the front side frame,
the bent portion of the rear half bends to thus ensure that there
is an impact absorption stroke, but since it is difficult to
appropriately bend the front half, which has a substantially
linear shape, there is still room for the impact absorption
stroke to be increased.

The present invention has been accomplished in light of the
above-mentioned circumstances, and it is an object thereofto
further increase the impact absorption stroke by appropriately
bending a front side frame of an automobile when it is
involved in a frontal collision.

Means for Solving the Problems

In order to attain the above object, according to a first
aspect of the present invention, there is provided a structure
for front side frames of an automobile in which a front side
frame disposed in a fore-and-aft direction in a front part of a
vehicle body is formed from a tubular hollow member having
a constant cross-section, and the front side frame comprises a
front-side first bent part and a rear-side second bent part at the
rear of a power unit mounting part for a power unit to be
mounted thereon, characterized in that the front side frame
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2

comprises a third bent part that bends convexly outward in the
vehicle width direction in front of the power unit mounting
part, a first weak part that is weaker than other portions of the
front side frame is formed in the vicinity of the second bent
part, and a second weak part that is weaker than other portions
of the front side frame is formed in the vicinity of the third
bent part.

Further, according to a second aspect of the present inven-
tion, in addition to the first aspect, the front side frame has a
strength enhanced by a hardening treatment.

Furthermore, according to a third aspect of the present
invention, in addition to the first or second aspect, the front
side frame comprises yet another bent part in front of or at the
rear of the third bent part.

Moreover, according to a fourth aspect of the present
invention, in addition to any one of the first to third aspects,
the second weak part in the vicinity of the third bent part is
offset forward or rearward from the position of the third bent
part.

Further, according to a fifth aspect of the present invention,
in addition to any one of the first to fourth aspects, the front
side frame is produced by feeding out a steel tube from a steel
tube feed-out device along a longitudinal direction thereof,
heating the steel tube fed out from the steel tube feed-out
device by means of a high-frequency heating coil, bending the
steel tube heated by the high-frequency heating coil by means
of a bending device, and cooling the steel tube bent by the
bending device by means of a cooling device to thus carry out
a hardening treatment.

Furthermore, according to a sixth aspect of the present
invention, in addition to the fifth aspect, the second weak part
is present on the third bent part, and the second weak part is
formed by subjecting part of the front side frame that has been
hardened to an annealing treatment.

Moreover, according to a seventh aspect of the present
invention, in addition to the first aspect, the power unit mount-
ing part is formed by vertically superimposing two tubular
hollow members, and the kick-up part is formed so as to have
a closed cross-section by combining at least two sheet metal
members.

Further, according to an eighth aspect of the present inven-
tion, in addition to the seventh aspect, the tubular hollow
member has a polygonal cross-section.

Furthermore, according to a ninth aspect of the present
invention, in addition to the eighth aspect, the tubular hollow
member has a ridge line connected to a ridge line of the sheet
metal member.

Moreover, according to a tenth aspect of the present inven-
tion, in addition to any one of the seventh to ninth aspects, the
kick-up part is bent into an S-shape while having a front-side
first bent part and a rear-side second bent part, and an inter-
mediate part interposed between the first and second bent
parts has an aspect ratio of less than 1.

Further, according to an eleventh aspect of the present
invention, in addition to the tenth aspect, the aspect ratio
increases in going from the intermediate part toward the sec-
ond bent part.

A fourth bent part 43 of an embodiment corresponds to the
other bent part of the present invention, first and second
tubular hollow members 117 and 118 of the embodiment
correspond to the tubular hollow member of the present
invention, and first to third sheet metal members 119 to 121 of
the embodiment correspond to the sheet metal member of the
present invention.

Effects of the Invention

In accordance with the first aspect of the present invention,
since, among the first and second bent parts to the rear of the
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power unit mounting part of the front side frame formed from
the tubular hollow member having a constant cross-section,
the first weak part is provided in the vicinity of the rear-side
second bent part, and the second weak part is provided in the
vicinity of the third bent part, which is bent convexly outward
in the vehicle width direction in the power unit mounting part,
when an automobile is involved in a frontal collision it
becomes possible for the front side frame formed from the
tubular hollow member and having high strength to bend not
only via the first weak part but also via the second weak part,
thereby enabling the impact absorption stroke to be increased
and the effect in absorbing collision energy to be enhanced.

Furthermore, in accordance with the second aspect of the
present invention, since the strength of the front side frame is
enhanced by the hardening treatment, it becomes possible to
enhance the strength of the front side frame without providing
a special reinforcing component, thereby reducing the
weight.

Moreover, in accordance with the third aspect of the
present invention, since the front side frame includes yet
another bent part in front of or to the rear of the third bent part,
the degree of freedom in design of the shape of the front side
frame increases. Since the front side frame bends via the weak
part in the vicinity of the third bent part when the automobile
is involved in a frontal collision, the other bent parts do not
bend due to the bending moment acting thereon becoming
small.

Furthermore, in accordance with the fourth aspect of the
present invention, since the second weak part can be bent even
when the second weak part in the vicinity of the third bent part
is offset forward or rearward from the position of the third
bent part, it is possible to enhance the degree of freedom in
design of the front side frame by changing the position of the
second weak part.

Moreover, in accordance with the fifth aspect of the present
invention, since the front side frame is produced by heating
the steel tube fed out from the steel tube feed-out device by
means of the high-frequency heating coil, bending it by
means of the bending device, and then subjecting it to the
hardening treatment by cooling by means of the cooling
device, it is possible to easily produce a front side frame
having high strength by carrying out the bending and the
hardening treatment at the same time.

Furthermore, in accordance with the sixth aspect of the
present invention, since the second weak part is present on the
third bent part, the second weak part can be formed by sub-
jecting part of the front side frame that has been hardened to
an annealing treatment. Moreover, the second weak part is
relieved of internal stress by the annealing treatment and has
an internal structure that is uniformly softened, and it is
possible to absorb collision energy via the entire cross-sec-
tion of the second weak part when a collision load is inputted
while ensuring the vehicle body rigidity when the situation is
normal.

In accordance with the seventh aspect of the present inven-
tion, since the power unit mounting part, which receives a
large axial force when the automobile is involved in a frontal
collision, is formed by vertically superimposing two tubular
hollow members, it is possible to easily ensure that there is a
high strength that can withstand the axial force, and since the
kick-up part, which receives a different level of bending
moment according to the section, is formed by combining at
least two sheet metal members so as to have a closed cross-
section, it is easy to set or adjust the strength according to the
bending moment applied. This enables surplus strength to be
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minimized while ensuring that there is a necessary strength,
thus achieving a balance between light weight and strength of
the front side frame.

Furthermore, in accordance with the eighth aspect of the
present invention, since the tubular hollow member has a
polygonal cross-section, it is possible to enhance the strength
by increasing the number of ridge lines.

Moreover, in accordance with the ninth aspect of the
present invention, since the ridge line of the tubular hollow
member is connected to the ridge line of the sheet metal
member, it is possible to transmit a load from the ridge line of
the tubular hollow member to the ridge line of the sheet metal
member, thus enhancing the strength of a section where the
power unit mounting part and the kick-up part are joined.

Furthermore, in accordance with the tenth aspect of the
present invention, since the kick-up part is bent into an
S-shape while having the front-side first bent part and the
rear-side second bent part, although the intermediate part
interposed between the first and second bent parts receives a
bending moment in the left-and-right direction, making the
aspect ratio of the part less than 1 to thus form a laterally long
cross-sectional shape enables a strength that can withstand
the bending moment to be ensured.

Moreover, in accordance with the eleventh aspect of the
present invention, since the aspect ratio increases in going
from the intermediate part of the kick-up part toward the
second bent part, even if the bending moment in the vertical
direction of the front side frame increases in that portion, it is
possible to ensure that there is a strength that can withstand
the bending moment by increasing the height of the cross
section by increasing the aspect ratio.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram showing the overall arrangement of a
hot-working device for a steel tube. (first embodiment)

FIG. 2 is an enlarged view in the direction of arrow 2 in
FIG. 1. (first embodiment)

FIG. 3 is a view from arrowed line 3-3 in FIG. 2. (first
embodiment)

FIG. 4 is a view in the direction of arrow 4 in FIG. 3. (first
embodiment)

FIG. 5 is a diagram showing the placement of left and right
front side frames. (first embodiment)

FIG. 6 is a diagram for explaining an annealing treatment.
(first embodiment)

FIG. 7 is a view for explaining a bending moment that acts
on the front side frame when it is involved in a frontal colli-
sion. (first embodiment)

FIG. 8 is a view for explaining a deformation state of the
front side frame when it is involved in a frontal collision. (first
embodiment)

FIG. 9 is a view, corresponding to FIG. 7. (second and third
embodiments)

FIG. 10 is a diagram showing another embodiment of the
front side frame. (fourth to eighth embodiments)

FIG. 11 is a diagram for explaining the relationship
between the bending moment applied to a beam and the yield
strength of the beam.

FIG. 12 is a perspective view of a front side frame. (ninth
embodiment)

FIG. 13 is a diagram showing an axial force and a moment
when the load of a frontal collision is inputted into the front
side frame. (ninth embodiment)

FIG. 14 is a diagram showing a cross-sectional shape of
each part of the front side frame. (ninth embodiment)
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FIG. 15 is a graph showing the input/yield strength ratio
along the longitudinal direction of the front side frame (ninth
embodiment).

FIG. 16 is a perspective view of a front side frame. (tenth
embodiment)

FIG. 17 is a diagram showing a cross-sectional shape of
each part of the front side frame. (tenth embodiment)

EXPLANATION OF REFERENCE NUMERALS
AND SYMBOLS

W Steel tube
11 Steel tube feed-out device
13 High-frequency heating coil
14 Cooling device
15 Bending device
31 Front side frame
34 Power unit
36 Power unit mounting part
37 Kick-up part
38 First bent part
39 Second bent part
40 Third bent part
41 First weak part
42 Second weak part
43 Fourth bent part (another bent part)
114 Front-side bent part
115 Intermediate part
116 Rear-side bent part
117 First tubular hollow member (tubular hollow member)
118 Second tubular hollow member (tubular hollow member)
119 First sheet metal member (sheet metal member)
120 Second sheet metal member (sheet metal member)
121 Third sheet metal member (sheet metal member)
A Aspect ratio

BEST MODES FOR CARRYING OUT THE
INVENTION

A first embodiment of the present invention is explained
below by reference to FIG. 1 to FIG. 8. The fore-and-aft
direction and the left-and-right direction (vehicle width direc-
tion) referred to in the present specification are defined with
reference to an occupant seated on a driver’s seat.

First embodiment

As shown in FIG. 1, a hot-working device that carries out a
thermal treatment at the same time as heating and bending
into a predetermined shape a steel tube W, which is a material
for a front side frame of an automobile, includes a steel tube
feed-out device 11 that feeds out in the longitudinal direction
the steel tube W, which is formed so as to have a closed
cross-section by roll-forming, a bending support point mem-
ber 12 that is provided in an outlet section of the steel tube
feed-out device 11, a high-frequency heating coil 13 that is
provided downstream of the bending support point member
12, a cooling device 14 that is provided downstream of the
high-frequency heating coil 13, and a bending device 15,
which is a robot that is provided downstream of the cooling
device 14. The steel tube W is a member having a linear shape
having a constant rectangular cross-section in the longitudi-
nal direction. After the steel tube W is curved into the prede-
termined shape by applying a bending moment by means of
the bending device 15 in a state in which it is heated by the
high-frequency heating coil 13, it is quenched by means of
cooling water issued from the cooling device 14, thus carry-
ing out a hardening treatment.
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As shown in FIG. 2 to FIG. 4, a guide hole 124 is formed in
a central part of the bending support point member 12, the
guide hole 124 having the same shape as the cross-sectional
shape of the steel tube W. The steel tube W fed out from the
steel tube feed-out device 11 passes through the guide hole
124 of the bending support point member 12 while sliding on
an inner peripheral face thereof. The high-frequency heating
coil 13 is disposed at a position spaced away from the bending
support point member 12 by a predetermined distance toward
the downstream side in the feed-out direction for the steel
tube W, and is supported on a plate-shape stand 17 having an
opening 17a formed in the middle. The stand 17, which is
close to the high-frequency heating coil 13, is formed from
Bakelite, glass epoxy, rigid plastic, etc. having heat resistance
so that it is not damaged by being heated by means of mag-
netic flux from the high-frequency heating coil 13.

The high-frequency heating coil 13 is formed from two
turns of coil and fixed to the stand 17 via two mounting stays
19 and 19 so as to form a substantially constant gap between
the inner periphery thereof and the outer periphery of the steel
tube W. Connected to opposite ends of the high-frequency
heating coil 13 are two cables 22 and 22 for supplying electric
power thereto. The high-frequency heating coil 13 has a water
jacket formed in the interior, and two hoses 23 and 23 for
supplying cooling water are connected to opposite ends of the
water jacket.

The cooling device 14 includes an annular cooling water
tank 24 surrounding the outer periphery of the steel tube W,
four cooling water supply pipes 25 connected to an outer
peripheral face of the cooling water tank 24, and a large
number of cooling water issuing holes 24a formed in an inner
peripheral face of the cooling water tank 24.

In accordance with the hot-working device having the
above structure, the steel tube W fed out from the steel tube
feed-out device 11 is gripped by a clamp arm of the bending
device 15, which is a robot, at a position after passing through
the bending support point member 12, the high-frequency
heating coil 13, and the cooling device 14. When a high
frequency current is supplied to the high-frequency heating
coil 13 via the cables 22 and 22, an eddy current is generated
in the interior of the steel tube W by means of the magnetic
field formed around the high frequency heating coil 13, and
the steel tube W is heated to a temperature that is at least the
A3 transformation point by virtue of Joule heating. There-
fore, controlling the bending moment applied to the steel tube
W by means of the bending device 15 while continuously
feeding the steel tube W enables a heated portion of the steel
tube W to be bent into a desired shape to thus produce the
shape of the front side frame. Since the steel tube W thus bent
is quenched with cooling water issued from the cooling water
issuing holes 24a of the cooling water tank 24 of the cooling
device 14 and hardened, not only is it possible to carry out
bending and a hardening treatment of the steel tube W con-
tinuously, but it is also possible to reduce the weight by
eliminating the need for enhancing the strength by providing
the front side frame with a reinforcing member.

The high-frequency heating coil 13 itself generates heat by
the passage of electricity and attains a high temperature, but
supplying cooling water to the interior thereof via the hoses
23 and 23 makes it possible to prevent the high-frequency
heating coil 13 from overheating.

As shown in FIG. 5, left and right front side frames 31 and
31 formed by bending and hardening the steel tube W by
means of the hot-working device are disposed in the fore-and-
aft direction in a vehicle body front part, a bumper beam 32 is
connected between front ends thereof, and a bulkhead lower
panel 33 separating an engine compartment from a passenger
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compartment is connected to an upper face of a rear part
thereof. Furthermore, a power unit 34 having an engine and a
transmission joined thereto is supported between the inter-
mediate parts in the fore-and-aft direction via left and right
mounting members 35 and 35.

The front side frame 31 integrally includes a power unit
mounting part 36, which is a front half thereof, and a kick-up
part37, which is a rear half thereof. The kick-up part 37 bends
in a front-side first bent part 38 and a rear-side second bent
part 39 to thus extend from the rear end of the front side frame
31 upward toward the front and outward in the left-and-right
direction (vehicle width direction). Although the power unit
mounting part 36 extends substantially horizontally when
viewed from the side, the power unit mounting part 36 bends,
in a third bent part 40 provided therein, convexly outward in
the vehicle width direction when viewed from above. These
first to third bent parts 38, 39, and 40 are formed by bending
the steel tube W by means of the hot-working device.

The front side frame 31 includes a first weak part 41 having
partially lowered strength at the position of the second bent
part 39 and a second weak part 42 having partially lowered
strength at a position immediately before the third bent part
40. Since the first weak part 41 is present in a curved part of
the front side frame 31, it is formed by subjecting only part of
the front side frame 31, which is formed by subjecting the
entirety to a hardening treatment, to an annealing treatment.
On the other hand, since the second weak part 42 is present in
a linear part of the front side frame 31, it is formed by tem-
porarily stopping the application of electricity to the high-
frequency heating coil 26 during hot working to thus interrupt
the hardening treatment for that portion.

As shown in FIG. 6, the high-frequency heating coil 26 is
loosely fitted around the outer periphery of the front side
frame 31 formed by bending and hardening the steel tube W
by means of the hot-working device and moved, and electric-
ity is applied only when the high-frequency heating coil 26
passes through the positions of the first weak part 41 and the
second weak part 42 of the front side frame 31 to thus carry
outheating. The heated parts are then gradually cooled to thus
carry out an annealing treatment, thereby enabling the first
weak part 41 and the second weak part 42, which have not
been subjected to a hardening treatment, to be formed in the
front side frame 31, which has its entirety subjected to a
hardening treatment.

The operation of the embodiment of the present invention
having the above arrangement is now explained.

First, referring to FIG. 11, the way in which a graph for
determining the position of bending of the front side frame 31
is used is explained.

It is assumed that a load F is applied to a central part of a
simple support beam, which represents the front side frame
31, the bending moment acting on the simple support beam
has a distribution with the shape of an isosceles triangle in
which it is zero at support points at opposite ends and it
becomes a maximum value at the point of action of the load F
(broken lines). As the size of the load F gradually increases,
the maximum value of the bending moment also gradually
increases. The horizontally extending solid line denotes beam
yield strength (maximum bending moment that can be with-
stood without bending), and when the maximum value of the
bending moment, which increases in response to an increase
in the load F, exceeds the yield strength, the beam cannot
withstand and bends at that position.

FIG. 7 (B) shows the front side frame 31 of the embodi-
ment, which includes the first bent part 38, the second bent
part 39, and the third bent part 40, and the axis of the front side
frame 31 bends convexly outward in the vehicle width direc-
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tion around the third bent part 40. On the other hand, FIG. 7
(A) shows a front side frame 31 of a Comparative Example,
which includes only a first bent part 38 and a second bent part
39 and does not include a third bent part 40, and the front side
frame 31 extends linearly in the fore-and-aft direction with-
out bending at the position corresponding to the third bent
part 40.

When the automobile is involved in a frontal collision with
an obstacle and a rearward collision load is inputted into the
front end ofthe front side frame 31, if a frictional force that is
inward in the vehicle width direction acts between the auto-
mobile and the obstacle, the load F acting on the front side
frame 31 is the resultant force of the collision load in the
fore-and-aft direction and the frictional force and is inclined
inward in the vehicle width direction. The load F is decom-
posed into an axial force in the axial direction of the front side
frame 31 and a shear force that is perpendicular to the axis,
and a bending moment acts on each part of the front side
frame 31 according to the shear force.

Since the front side frame 31 of the Comparative Example
includes a front-side power unit mounting part 36 having a
linear shape, shear forces S1' and S2', which are inward in the
vehicle width direction in that section, are constant. On the
other hand, since the front side frame 31 of the embodiment
includes the power unit mounting part 36, which includes the
third bent part 40 and bends convexly outward in the vehicle
width direction, the shear force 51 before the third bent part
40 becomes large and the shear force S2 after the third bent
part 40 becomes small. Since the shape of the kick-up part 37
is the same for the Comparative Example and the embodi-
ment, the shear force is also the same. The direction of shear
forces S3' and S3 after the first bent part 38 is reversed and
faces outward in the vehicle width direction, and the direction
of shear forces S4' and S4 is reversed again at a position just
before the second bent part 39 and faces inward in the vehicle
width direction.

The two solid lines in the lower graph of FIG. 7 show the
yield strength when a rightward bending moment or a left-
ward bending moment is applied to the front side frame 31,
and the two indentations of each yield strength line show that
the yield strength is decreased by weakening due to the first
weak part 41 and the second weak part 42.

The double-dotted broken line shows the bending moment
acting on the front side frame 31 of the Comparative Example
of FIG. 7 (A). The bending moment reaches the yield strength
at a position a in the vicinity of the first bent part 38 and a
position b in the vicinity of the second bent part 39, suggest-
ing that the front side frame 31 bends at two positions, that is,
position a and position b.

The broken line shows the bending moment acting on the
front side frame 31 of the embodiment of FIG. 7 (B). The
bending moment increases rapidly toward position ¢ due to an
increase in the shear force in a portion in front of the third bent
part 40, and the bending moment gradually increases in going
from position ¢ toward position a due to a decrease in the
shear force in a portion to the rear of the third bent part 40. As
a result, the bending moment reaches the yield strength at
position ¢ in the vicinity of third bent part 40 and at position
b in the vicinity of the second bent part 39, and the front side
frame 31 bends, but since at position a the bending moment
does not reach the yield strength, the front side frame 31 does
not bend.

As described above, in the Comparative Example, in which
the power unit mounting part 36 of the front side frame 31
does not include the third bent part 40, since the front side
frame 31 bends in the vicinity of the first bent part 38 and the
second bent part 39 of the kick-up part 37, as shown in FIG.
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8 (A) the impact absorption stroke with which the front end of
the front side frame 31 moves backward becomes small, and
there is a possibility that sufficient impact absorption perfor-
mance cannot be obtained. On the other hand, in the embodi-
ment, in which the power unit mounting part 36 of the front
side frame 31 includes the third bent part 40, since the front
side frame 31 bends in the vicinity of the third bent part 40 of
the power unit mounting part 36 and in the vicinity of the
second bent part 39 of the kick-up part 37, as shown in FIG.
8 (B) the impact absorption stroke with which the front end of
the front side frame 31 moves backward becomes large, and
sufficient impact absorption performance can be obtained.

Moreover, since, after the steel tube W is subjected to
bending and hardening by use of the hot-working device to
thus form the front side frame 31 of an automobile, the first
weak part 41 and the second weak part 42 are post-processed
by an annealing treatment of the steel tube W, the first weak
part 41 and the second weak part 42 formed by the annealing
treatment are relieved of internal stress and have a uniformly
softened internal structure, and it is thereby possible to absorb
collision energy via the entire cross-section of the first weak
part 41 and the second weak part 42 when a collision load is
inputted while ensuring that there is vehicle body rigidity
when the situation is normal.

A second embodiment and a third embodiment of the
present invention are now explained by reference to FIG. 9.
[Second and Third Embodiments]

In the first embodiment, the second weak part 42 is pro-
vided offset forward of the third bent part 40, but as shown in
FIG. 9 (A) in the second embodiment a second weak part 42
is provided at a position of a third bent part 40, and as shown
in FIG. 9 (B) in the third embodiment a second weak part 42
is provided offset rearward of a third bent part 40. That is, the
second weak part 42 may be provided in the vicinity of the
third bent part 40, and the degree of freedom in design of the
front side frame 31 can be increased by changing the position
of the second weak part 42 while achieving the same opera-
tional effects as those of the first embodiment.

In the second embodiment of FIG. 9 (A), the second weak
part42 is provided at the position of the third bent part 40, and
since it is impossible to stop heating of the third bent part 40
during hot working, it is necessary to form the second weak
part 42 by subjecting the hardened third bent part 40 to an
annealing treatment. On the other hand, in the third embodi-
ment of FIG. 9 (B), the second weak part 42 is provided offset
from the position of the third bent part 40, and since it is
possible to stop heating of the third bent part 40 during hot
working, the second weak part 42 may be formed by not
carrying out a hardening treatment for that portion.

Fourth to eighth embodiments of the present invention are
now explained by reference to FIG. 10.

[Fourth to Eighth Embodiments]

In the fourth embodiment shown in FIG. 10 (A), a section
in front of a third bent part 40 extends along the fore-and-aft
direction, and a section to the rear of the third bent part 40 is
inclined inward in the vehicle width direction. FIG. 10 (B) to
FIG. 10 (D) show embodiments that include a fourth bent part
43 in addition to a first bent part 38, a second bent part 39, and
a third bent part 40; the fifth embodiment of FIG. 10 (B)
includes the fourth bent part 43 forward of the third bent part
40, the sixth embodiment of FIG. 10 (C) includes the fourth
bent part 43 rearward of the third bent part 40, and the seventh
embodiment of FIG. 10 (D) includes two fourth bent parts 43
and 43 forward and rearward of the third bent part 40. The
eighth embodiment shown in FIG. 10 (E) includes a fourth

10

15

20

25

30

35

40

45

50

55

60

65

10

bent part 43 rearward of a third bent part 40, and the section
to the rear of the fourth bent part 43 extends along the fore-
and-aft direction.

Since all of these embodiments include the front side frame
31 bending convexly outward in the vehicle width direction in
the third bent part 40, not only is it possible to achieve the
same operational effects as those of the first embodiment, but
it also becomes possible to provide the fourth bent part 43,
thus increasing the degree of freedom in design of the shape
of the front side frame 31.

A ninth embodiment of the present invention is explained
by reference to FIG. 12 to FIG. 15.

[Ninth Embodiment]

As shown in FIG. 12 and FIG. 13, left and right front side
frames 31 disposed in the fore-and-aft direction in a vehicle
body front part of an automobile are formed by integrally
linking a front-side power unit mounting part 36 and a rear-
side kick-up part 37. The power unit mounting part 36 is a
member having a substantially linear shape, is disposed sub-
stantially horizontally when viewed from the side, and is
disposed parallel to the vehicle body center line when viewed
from above. The kick-up part 37 is a member bending in a
substantially S-shape when viewed from the side and when
viewed from above, and includes in sequence from the front
to the rear a front-side bent part 114, an intermediate part 115,
and a rear-side bent part 116. The front-side bent part 114,
which is connected to the rear end of the power unit mounting
part 36, bends, in going toward the rear, downward and
inward in the left-and-right direction (vehicle width direc-
tion). The intermediate part 115, which is connected to the
rear end of the front-side bent part 114, is disposed so that its
rear side is inclined downward and inward in the left-and-
right direction (vehicle width direction). The rear-side bent
part 116, which is connected to the rear end of the interme-
diate part 115, bends, in going toward the rear, upward and
outward in the left-and-right direction (vehicle width direc-
tion) and is disposed substantially horizontally when viewed
from the side and in parallel to the vehicle body center line
when viewed from above.

The power unit mounting part 36 of the front side frame 31
is formed by superimposing in the vertical direction and
welding a first tubular hollow member 117 and a second
tubular hollow member 118, which are formed by roll-form-
ing a steel sheet so as to have a polygonal (trapezoidal shape
with upper base down) closed cross-section. Furthermore, the
kick-up part 37 of the front side frame 31 is formed by
welding together first to third sheet metal members 119, 120,
and 121 press-formed from a steel sheet so as to have a closed
cross-section.

FIG. 14 shows the cross-sectional shape of the front side
frame 31 at six positions A to F; position A corresponds to the
power unit mounting part 36, position B corresponds to a
front part of the front-side bent part 114 of the kick-up part 37,
position C corresponds to a rear part of the front-side bent part
114 of the kick-up part 37, position D corresponds to a front
part of the intermediate part 115 of the kick-up part 37,
position E corresponds to a rear part of the intermediate part
115 of the kick-up part 37, and position F corresponds to the
rear-side bent part 116 of the kick-up part 37.

The cross section of the power unit mounting part 36 cor-
responding to position A is a downwardly tapered trapezoidal
cross-section overall, in which the first tubular hollow mem-
ber 117, which has a downwardly tapered trapezoidal cross-
section, is superimposed on the second tubular hollow mem-
ber 118, which has a downwardly tapered trapezoidal cross-
section. The aspect ratio A of the cross section at position A,
that is, (height b)/(left-and-right direction width a), is greater
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than 1, and the cross section is long in the vertical direction.
Since the first and second tubular hollow members 117 and
118 each have four ridge lines, the strength is enhanced by
these ridge lines.

The cross section of the front part of the front-side bent part
114 of the kick-up part 37 corresponding to position B is a
downwardly tapered trapezoidal cross-section overall, simi-
lar to that of position A, and is formed by welding a base part
of the second sheet metal member 120 having an upwardly
opening groove-shaped cross-section to an opening part of
the first sheet metal member 119 having an upwardly opening
groove-shaped cross-section and by further welding the
plate-shaped third sheet metal member 121 to an opening part
of'the second sheet metal member 120. As shown by the chain
line on the cross section of position B, the rear end of the
power unit mounting part 36 is inserted into the front end of
the kick-up part 37 and integrally joined by welding. In this
process, since the eight ridge lines of the first and second
tubular hollow members 117 and 118 are connected in series
to the six ridge lines of the first to third sheet metal members
119 to 121, it is possible to smoothly transmit load from the
power unit mounting part 36 to the kick-up part 37, thereby
enhancing the strength of the front side frame 31.

The cross section of the rear part of the front-side bent part
114 of the kick-up part 37 corresponding to position C is
basically the same as the cross section of position B described
above, but the aspect ratio A is smaller due to a decrease in the
height.

The cross section of the front part of the intermediate part
115 corresponding to position D is changed into a laterally
long cross-sectional shape having an aspect ratio A of less
than 1 and is formed by welding the flat-shaped second sheet
metal member 120 to an opening part of the first sheet metal
member 119, which has an upwardly opening groove-shaped
cross-section with its width increasing in the left-and-right
direction, and by further welding the hat-shaped third sheet
metal member 121 to an upper face of the second sheet metal
member 120.

The cross section of the rear part of the intermediate part
115 corresponding to position E is one formed by eliminating
the third sheet metal member 121 from the cross section of
position D, and is a laterally long cross-sectional shape with
an aspect ratio A that is further decreased.

The cross section of the rear-side bent part 116 correspond-
ing to position F has an increased height for the first sheet
metal member 119 compared with the cross section of posi-
tion E and the aspect ratio A is slightly increased. Further-
more, adownwardly recessed bead 120a is formed in a central
part in the width direction of the second sheet metal member
120.

As is clear from FIG. 13 and FIG. 14, the axial force, the
lateral bending moment, and the vertical bending moment to
which the front side frame 31 is subjected when the automo-
bile is involved in a frontal collision change along the longi-
tudinal direction.

That is, the axial force is high over the entire region of the
power unit mounting part 36 (position A) and the front part of
the front-side bent part 114 of the kick-up part 37 (position
B), decreases to a medium level in the rear part of the front-
side bent part 114 (position C) and the front part of the
intermediate part 115 (position D), and is low in the rear part
of'the intermediate part 115 (position E) and the rear-side bent
part 116 (position F).

The absolute value of the lateral bending moment changes
from a low state to a high state over the entire region of the
power unit mounting part 36 (position A), attains a medium
level in the front part of the front-side bent part 114 (position
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B) and the rear part of the front-side bent part 114 (position
C), is high in the front part of the intermediate part 115
(position D), attains a medium level in the rear part of the
intermediate part 115 (position E), and is low in the rear-side
bent part 116 (position F).

The absolute value of the vertical bending moment changes
from a low state to a high state over the entire region of the
power unit mounting part 36 (position A), is high in the front
part of the front-side bent part 114 (position B), attains a
medium level in the rear part of the front-side bent part 114
(position C), is low in the front part of the intermediate part
115 (position D) and the rear part of the intermediate part 115
(position E), and is high in the rear-side bent part 116 (posi-
tion F).

Inthe graph of FIG. 13, the lateral bending moment and the
vertical bending moment show that the bending direction
reverses above and below the abscissa (moment=0).

The cross-sectional shape of each part of the front side
frame 31 is set according to change in axial force, lateral
bending moment, and vertical bending moment as described
above. Specifically, the power unit mounting part 36 (position
A) can cope with a high axial force by means of the first
tubular hollow member 117 and second tubular hollow mem-
ber 118 each having four, that is, a total of eight ridge lines.
Furthermore, the front part of the front-side bent part 114 of
the kick-up part 37 (position B) can cope with a high axial
force by means of a total of six ridge lines of the first to third
sheet metal members 119 to 121 and a total of four flange-
joined sections of the first to third sheet metal members 119 to
121. Furthermore, in the rear part of the front-side bent part
114 (position C), the weight is reduced by decreasing the
height of the cross section in response to a decrease in the
vertical bending moment.

Moreover, in the front part of the intermediate part 115
(position D), the lateral width of the cross section is increased
in response to an increase in the lateral bending moment, and
the height of the cross section is decreased in response to a
decrease in the vertical bending moment, thus decreasing the
aspect ratio A. Furthermore, since in the rear part of the
intermediate part 115 (position E) both the axial force and the
moment decrease, the third sheet metal member 121 is elimi-
nated, thus reducing the weight. Moreover, in the rear-side
bent part 116 (position F), since the vertical bending moment
increases, the height of the cross section is increased, and the
bead 1204 is provided on the second sheet metal member 120,
which is the compression side.

FIG. 15 is a graph showing change in the input/yield
strength ratio of the front side frame 31 in the longitudinal
direction. The solid line shows a case in which the entire front
side frame 31 is formed from a tubular hollow member, and
the broken line shows a case in which the entire front side
frame 31 is formed from a sheet metal member.

The input is the collision load to which the front side frame
31 is subjected when the automobile is involved in a frontal
collision, and the yield strength is the load that the front side
frame 31 can withstand without bending. When the input/
yield strength exceeds 100%, the front side frame 31 bends at
that position to thus absorb collision energy, and in this
embodiment the front side frame 31 is set so as to bend at three
positions denoted by a, b and c.

At positions other than the three positions a, b, and ¢ where
the front side frame 31 is bent, suppressing the input/yield
strength to about 80% prevents the front side frame 31 from
being bent with a margin of 20%. In this process, if the
input/yield strength decreases greatly from 80%, the front
side frame 31 has excessive strength and the weight increases
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unnecessarily, and the input/yield strength is therefore pref-
erably at a position slightly lower than 80%.

However, it can be seen that when the entire front side
frame 31 is formed from a tubular hollow member (solid line),
the strength becomes excessive at position d and position e of
the kick-up part 37, the input/yield strength becomes much
lower than 80%, and the weight increases unnecessarily. On
the other hand, if the entire front side frame 31 is formed from
a sheet metal member (broken line), the strength becomes
insufficient at position f of the rear end of the power unit
mounting part 36, the input/yield strength greatly exceeds
80%, and there is a possibility that the front side frame 31 will
bend at position f.

In the present embodiment, since the power unit mounting
part 36 of the front side frame 31 is formed from a tubular
hollow member, and the kick-up part 37 of the front side
frame 31 is formed from a sheet metal member, it is possible,
while ensuring a distribution of the strength for bending the
front side frame 31 at three positions a, b, and ¢ to prevent the
strength of other portions of the front side frame 31 from
becoming excessive, thus maximizing the reduction in
weight.

As described above, in the power unit mounting part 36 and
the kick-up part 37 of the front side frame 31, since the
characteristics of the change in the axial force and the
moment acting thereon are different, the power unit mounting
part 36, which is subjected to a large axial force, is formed by
the first tubular hollow member 117 and the second tubular
hollow member 118 having a large number of ridge lines to
thus ensure a necessary strength, and the kick-up part 37, for
which the change in moment is large, is formed by combining
the first to third sheet metal members 119 to 121 to thus
realize a fine-tuned strength distribution, thereby preventing
the strength from becoming excessive and reducing the
weight of the front side frame 31.

A tenth embodiment of the present invention is explained
by reference to FIG. 16 and FIG. 17.

[Tenth Embodiment]

The structure of a front side frame 31 of the tenth embodi-
ment is basically the same as that of the front side frame 31 of
the ninth embodiment and is formed from a power unit
mounting part 36 extending in a linear shape on the front side
and a kick-up part 37 bending into an S-shape on the rear side.
Although the kick-up part 37 of the front side frame of the
ninth embodiment is formed from the first to third sheet metal
members 119 to 121, which have the same sheet thickness,
the kick-up part 37 of the front side frame 31 of the tenth
embodiment is formed from first to third sheet metal mem-
bers 119 to 121 having different sheet thicknesses, and the
sheet thickness of the first sheet metal member 119 is set
larger than the sheet thickness of the second sheet metal
member 120 and the third sheet metal member 121, which is
a point of difference.

The cross section at position A of the power unit mounting
part 36 is formed by welding together a first tubular hollow
member 117 and a second tubular hollow member 118 in the
vertical direction; the lateral width of a lower face of the first
tubular hollow member 117 is larger than the lateral width of
an upper face of the second tubular hollow member 118, and
there is a step formed in the joined section.

The cross sections at position B and position C of the
kick-up part 37 are formed by welding the flat-shaped second
sheet metal member 120 to an opening part of the first sheet
metal member 119 having an upwardly opening groove-
shaped cross-section with steps 1194 and 119a. The aspect
ratio A is larger than 1 for both, and the cross-sectional shape
is long in the vertical direction.
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The cross section at position D of the kick-up part 37 is
formed by welding the first sheet metal member 119 and the
second sheet metal member 120 in a similar way, but the
height of the first sheet metal member 119 rapidly decreases,
the steps 1194 and 1194 disappear, and the second sheet metal
member 120 is changed into a hat shape. The aspect ratio A is
less than 1, and the cross-sectional shape is changed so that it
is long in the lateral direction.

The cross section at position E of the kick-up part 37 is
formed by superimposing the first sheet metal member 119
having further reduced height on the interior of the third sheet
metal member 121 having an upwardly opening groove-
shaped cross-section and by welding a flat rear part of the
second sheet metal member 120 to opening parts of the first
and third sheet metal members 119 and 121. The aspect ratio
A is a minimum at this position.

The cross section at position F of the kick-up part 37 is
formed by welding the first sheet metal member 119, which
changes from the groove-shaped cross-section into a flat
shape, to the opening part of the third sheet metal member 121
having an upwardly opening groove-shaped cross-section,
and the first sheet metal member 119 is provided with two
beads 1195 and 1195 extending in the fore-and-aft direction.
The aspect ratio A starts to increase but is still less than 1.

The reason why these cross-sectional shapes are selected is
basically the same as for that in the ninth embodiment (see
FIG. 14), but points of difference are explained.

At position B, in the ninth embodiment the first to third
sheet metal members 119 to 121 include a total of six ridge
lines, whereas since in the tenth embodiment the first and
second sheet metal members 119 and 120 include only a total
of four ridge lines, this is taken into account by forming the
steps 119a and 119a on a side face of the first sheet metal
member 119 to thus enhance the rigidity, thereby imparting
resistance to a high axial force. Moreover, in order to impart
resistance to a large downward bending moment, the first
sheet metal member 119 on the compression side is formed
from a thick sheet.

At position F, in order to impart resistance to a large
upward bending moment, the third sheet metal member 119
on the compression side is formed from a thick sheet and the
two beads 1195 and 1195 are formed.

In accordance with this tenth embodiment, the same opera-
tional effects as those of the ninth embodiment described
above can be achieved.

Embodiments of the present invention are explained above,
but the present invention may be modified in a variety of ways
as long as the modifications do not depart from the spirit and
scope thereof.

For example, in the embodiments the first weak part 41 and
the second weak part 42 are formed by the annealing treat-
ment but they may be formed by means of an opening part, a
cutout, a bent bead, etc.

Furthermore, the cross-sectional shape of the first and sec-
ond tubular hollow members 117 and 118 is not limited to a
trapezoidal shape and may be a closed cross-sectional shape
such as a polygon including a rectangle and a square or a
shape other than a polygon.

Moreover, the number of sheet metal members forming the
kick-up part 37 is not limited to three as in the embodiments
and may be any as long as there is a plurality.

The invention claimed is:

1. A structure for front side frames of an automobile in
which a front side frame disposed in a fore-and-aft direction
in a front part of a vehicle body is formed from a tubular
hollow member, and the front side frame comprises a front-
side first bent part and a rear-side second bent part at the rear
of'a power unit mounting part for a power unit to be mounted
thereon,
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wherein the front side frame comprises a third bent part that
bends convexly outward in a vehicle width direction in
front of the power unit mounting part, a first weak part
that is weaker than other portions of the front side frame
is formed in the vicinity of the second bent part, and a
second weak part that is weaker than other portions of
the front side frame is formed in the vicinity of the third
bent part,

and wherein the power unit mounting part is formed by

vertically superimposing two tubular hollow members.

2. The structure for front side frames of an automobile
according to claim 1, wherein the front-side first bent part and
the rear-side second bent part cooperate to form a kick-up part
configured to have a closed cross-section.

3. The structure for front side frames of an automobile
according to claim 2, wherein each of the tubular hollow
members of the power unit mounting part has a polygonal
cross-section.
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4. The structure for front side frames of an automobile
according to claim 3, wherein the tubular hollow members
have ridge lines connected to ridge lines of adjacent sheet
metal members.

5. The structure for front side frames of an automobile
according to claim 2, wherein the kick-up part is bent into an
S-shape, and an intermediate part interposed between the first
and second bent parts has an aspect ratio (A) of less than 1.

6. The structure for front side frames of an automobile
according to claim 3, wherein the kick-up part is bent into an
S-shape, and an intermediate part interposed between the first
and second bent parts has an aspect ratio (A) of less than 1.

7. The structure for front side frames of an automobile
according to claim 4, wherein the kick-up part is bent into an
S-shape, and an intermediate part interposed between the first
and second bent parts has an aspect ratio (A) of less than 1.
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